Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 24class

- Extvewe Values auwcd) Saddle Pointse

D f“)e\'\m"ﬁ‘ovxﬁ lOCJ Ma)(imwwx/va\'\qu
ch ﬁC).(qy) ch O(G/Q{‘veej own a regf‘a VN ﬁ(‘oufqm‘g

the PO\\VJ\('O-;V)‘TL\QU\X
i—jeCa,[g) S a locaf M X m Y \Jqﬂue &f-ﬁ l“ﬁ

Pash) > £ (xy) for adl Aomain pojuds (x9y)
v an ofew AlisK cewteree] o¥cayp) -

2 -feayy sa locad waiwimun of £ 7F
Peash) SPexny) for all downain poinds(Xsy)
‘w al opew AGK aeviterec] cash):

Dn‘ﬁ# Homs Cr/'ticed Pomt

) /}n- ‘wieor poink of the O’(&Mqr‘m-af a fmdﬂau\

P Gay) where both £ ancl £4 are Zere on



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2<class

both of £ and Ry clo wot exst (s a
ceitcad pond of £

Note
Not déy Gf(“ﬁ‘cqﬂPO(u\xg el vise o (,OCJ

W wre S Maktag -

S iLinilown + Sadkdle Point

A d(?fwoﬁeab,/f» ﬁwdﬂou\ fcxyy ) has a Saclcl/ﬂ Poiut
A a ceticd Pos‘uf(a;b) £ in every o fewn A I
cetered alcash) €here are domain Points(X9y)
whae Pexy)>Ffeash) avel clomain pojuts
Where £Cxr9) '<f(a,b) . The Canzas/)onolf'wg
point (a5 by feasy) ov SwFace ®=Lexsy)
/s ”Cc(%e_cy/ o Saddle pojnt 9f the susface-



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2class

T heoreun 1 ¢ Firse Dervvative 7est for CQCJ Exfreme\f“gdfs
£ '7€O<7y) Weas @ (ocall waximuwn OV Winfuuua
Vedoe at aw jutevio, Poit( ash) 075 7€ O'(OVV\Q{'V\QUO(
,')E e {9;@( -panﬂ/’aé derilatives e xjoe Theve s thewm
Pxcay=o and £y Goh)=o -

thearewn 2.2 Secondd Dev NephiVeTes € ForLocal Ext-veumm vafles
Suppse tlhat -fcx;y) awnd /s -f;v;f awno| Seconcd
Parf(‘a[ P4 (Jaflveg are continous %rW3 ol A
Aick cewtevecd at(asb) andl tHhed fx(aplo)t:o
auwd fyrash) =os Thew,

) -ﬁ-(,\ag a local maximum afCa,b) /}P

7EX>< To aud 75)()( ﬁjj-—‘)&jz> o «f Cash) ~



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechamcal Engmeermg Dept Dr. Hayder Mohammad 2class

) ,f___ has A Local wimimuien ot Cash) T£
)ex;gh o qw&( Lxx 9y —@in So al (ash) .

02) £ has a Sacllde powk afcarh) T£
Fux Fuj-—%«; <o at Cajb)~

tv) The +tes+ jatonclusive ot Cas bb) fqe
Fxxfyg- £x g =0 ab Carb) - T s cases
wWe wmust m.qe“uw/( Some other way %

a’\::-éetrwwe €he lof’kqucoréﬁ -f ai‘(aab)

Tf\e expﬁ:’fﬁau ‘ﬁ)&)(ﬁjj ﬁ)(j /S C%ﬂeﬂ(
‘e baJCW\M(VLin* o /fc’flqv\aﬂ-ﬁ T (S

SoMf(Meg QOUIC’V_é rewewn lper— /£ JC’T(E’VW\M‘QI

Coran § fxx Fx
" - D= 7P:XX 75 Yy - ﬁxj - \fXj ‘%’;\



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2 class

Exawmple 1 Find awnd clussify the Local
extrewe \anu.cs of “]EC.X)j) :35——.233—3)(2-&- €)<j
solutcom s |
fx= 6y-€x=0 ——s x=Y
f3:63~632+6X:©

Bpa g)(--é')(z"rGX:o
£x(e—X) =o
@2‘1‘L€f Yoo ———Y =0 COQO)

> J =2 (232)

or X=2
The 4we creticel  Poivks are
(010) 5 (252)
- fxx=—¢€

'ﬁXj::éf



Mustansiriyah University/ College of Engineering Mathematics Lecture

Mechanical Engincering Dept. _ Dr. Hayder Mohammad Duclass
fuyy = 6-12Y
f o co22)
(£ xex £9g- £xy? ) )( =E6)(6-1200) —(€) )
o12)

= =3 g,3é:‘—?2<&,
o5 Cose) /)roduc65a Sa{@UﬂC POiM;( O\

t\we Supyface -

fo\r (2L ’2-)
(ﬁxx ffjj - '7€><ja) /::C—-G)(é'—-l-Q(e))_.(G’)e

(272)

— (0836 =%F2>0
’EX)( <o ‘('[Aug-(zpz) 1< a ,%DC@(
W X wauin on the guuqﬁ(ce§

™~



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2mclass

EXO(MP/f: 2 Fiwd €the foo:/ extrewie Uq[u(e._(
Lthe Lo Py o R4 X g e ag
sofubioms ”
_,ﬁ)(_:g-{zx-_-z':o ),

7851 S X =B =) oS @)

S Ymrx-15 X~2q-2 © =0

34 =3X —> X =9 Sub 'w©®

T'Lc IFD(70V‘; '6[\-6 [DO\\VLT (“ 29— e) (‘S +(a e
Cowdly pornt where £ may fake on an

CXfrewme.



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 24class

'ﬁx.)(:: -2
Fage -2
RSVIER

(Bucfyg- fxi)| = w1 =35

| (-25-2)

'?D(X <o “hw s (—2_;_—2) ;l (= /OCJ

WA X(auuwn = oW tle fcuﬁcc-



Mustansiriyah University/ College of Engineering Mathematics Lecture
Dr. Hayder Mohammad 2class

= 52X 2+¢{X P
A C=3x+y) =2
_____Q(¥,Le = R S ‘& = . (o 0)
= o —s x=4 > Y-
o ~3IXf£Y =0 xX=— c‘j—j;(' C%’Jf{')

7_[\16 CY“--’GI\CQ/( /)O\'\&fs G!{/e



Mustansiriyah University/ College of Engineering Mathematics Lecture

Mechanical Engineering Dept. Dr. Hayder Mohammad 2+ class

~ 76 x4 = 4
'?‘V“ (e sy )

Pryzo

it A
Fxy =Y

(ﬁ XX ¥jj - {ija)!(: Coy(~4) — {6 =—16<o
090)

o> (o_}O) 1S a Sqo!o!if_ Pos‘uuf-

Fov ( %‘)%)

-?Xx:-—g

Fyy = o

fxy = 4
(fox Lyy-£xgy | = 8016 = 1650
(4 M. __
'QXX < D  o® (% 9 }Q.) J.S a N\-‘(J\(mq\u\

|0



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Moliammad 2¢class

Emmf’fek{ » Fiwdd aud C(assf]gg sl ceitical
Points "-@’r R - N . |
K 9
sy = X' 1= x3
‘Sag‘&"ﬁ'bq L4
Fxzax3-4y =0 ©
ﬁa = (—(a 3' HX =1 )

ﬁrom@ 3 = Xs sub Ju &

X Sy (X +\)g "—H;E/
X2 ze —> X =) —sx=7)

|



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2~class

X= =) —> Y = (=\s-1)
_)ﬁ'-‘—\“ s y=1 V)
The CV‘(’(‘(‘CJ Po‘\ds ave
Coso) ¢Xx: 1z X <
t‘\b,“\)) fag=129™

For (og0) Fxy=—¢

Z

C‘fxx :F‘U ;—ﬁ)(jl )‘ — 12(49)}2.(0)-(-‘4)
(0"’) 16 <0

Tﬁerﬂ“"("?o) )s a S«ole/le Po‘wj(\ >
€lee Grpl of {-
o poirs A ) m

(Fxn fyy - Fxg )] = Cre D)y - /6= 1280
¢=)9=)— | |
|2



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2class

-¢ ry= l?_(—-()z- = 12 > o

o C-—"p-—‘) \‘Sa /ocq,( P EVARY VP

'?"V:-C!)I )
(w(zxx £yy -i)le) k = Q2 20H)46=12 0
Cto)

?xx:(l(_l)l: Il>o
o0 C[;)) }‘Sa\,«/cDCﬂa(.M[‘V\EMQW\.



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2class

Example 5 1 Find the loced extrewmes &2

Fooyy = e X3 6x3°—3y4° — 150X

Sefutdrown,

fx.«:éxz—ﬁ—égjl-——lBo:a D
fy=t2xyw-93 =0 ©

Prom @ 12 XY= 94 z0 —> 4 XY BY =0
(4 x-34) =0

erthe 4 =o sub ja ©

EX2t 60yt =150 g

-

2

The Cw‘ﬁ‘cqf POi\AjCﬁ AVe (5'90)96-590)

oV 4 Xx-34 o S X=i§7_k3 Sabiw®©

€29y v €y 50 —0 1

/Y



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2class

The Catxed Poinds are (354), -35-4)
The €otcl  vitirel Peivts are 2
ey ‘

(-550)

(35u)
(- 3-)

on = iex

fy9= 12x-18y

\ c

! 2



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2%class

- Bxq =2y
For (550 )
Fae= o
Fyg= 6o
Pxy = o

(ﬁm F99 - w@sz)( =60 >o
- | (5s0) |

and Ex =60 > o ,fence (550)1S
X wiwiwdnn -

for (530 )

(ﬁxm@jj __76)(;)/ = +6<>2> o

awol Fxx:_go:z,? pewce (=550) 15

A ywaa L Uun

/6



Mustansiriyah University/ College of Engineering Mathematics Lecture

Mechanical Engmeermg Dept Dr. Hayder Mci:ammad 2=class
- |
v( ov ( 3ou)
(’?XX Fjj ”‘T?Xj >/ = —-3(09 < o
_____ 24) -

frewce (3)"/) 152 SQOI’J/C’

‘?—Of(—39”‘f)
(Fxxfyg—fxg )| = =36 <o

(=3,-«)
H#ewnce (-39 q) s-& jqo/c//e



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2 class

Exawmple € 2 Find the lLocl maxjma s local
WA VW AA A ,av;o( ‘e Sadilde Powdfs “-Q ’(*Lc
Panchion 1 foog) = X = Y -1 X4+ €
So fuion

'F X = 3)(2*-23 ~ o ©
Py =-34-2X =0 &

_:'p.v‘.a_v_v\@ 3:'%_)(2 .g‘qlo ;‘V\Q

Cither X=0 — 5 g =@ (022

.3
or =—-& = =2
. o S S 372375
e B
T - 3

"’7’A€ Cﬂ“ﬁ‘rJPomfs Qe (0)0)__QL\O{(_§_3}2__)

&



Mustansiriyah University/ College of Engineering

Mathematics Lecture
Mechanical Engineering Dept.

Dr. Hayder Mohammad

2class
ﬁr(@ﬂc):
fxx=¢Ex| =o
(es0)
ﬁjJ - S 6'; = &
(o;a)

(Fux sy~ )| = -4 <o Heuce
(e3°2)

(090) ISa cadd Ve Boludf
For (-%, )

ﬁ)@( {X{ Y

—2 ., %
373

Pyy=-6Y [(_%)%) —

Fry = -
(Rxx =1z >o0
.3)3)

Cllm& f—xx <D g Mewce (—- 9__3,)

g local ™axwmum -

)19



Mustansiriyah University/ College of Engineering Mathematics Lecture

Mechanical Engineering Dept. Dr. Hayder Mohammad 2+class

EXGM'D,VE + F(‘V\cl G(u\d( L 4-55(‘)[23 Q%Cf‘r'ﬁfcj
V\GZULCS 'E"r/' t‘f\e ‘)EO%OU\JI‘V‘O‘{_ fu\v\d{‘(‘ov\
Foxsyy = xs—-/zx;g o 4%

Sofution ;

—(2X=-2q (L x) =0
,)(___’gj;_-x‘( ~ o
X(=|—4x?) =0

QIFF&C’{/ Mg —e—H o0 Cos0)

oV -——(—'—g[——)(gzo 5 X =-

>4=1 (25D

20

X = .2



Mustansiriyah University/ College of Engineering Mathematics Lecture
Mechanical Engineering Dept. Dr. Hayder Mohammad 2xclass

The Crtcced Pojwks ave (oso)and (-25()

Fov Coye)

1Ex,><=6)(| - o
(o050 )

Fgy =gy "

;;)Qj =
({?XX‘@‘jj— ﬁ%;)’ = ==fla4d < o

(esv)

lAQﬂC@ (072 ):(4 a SO«JCJ/C PO!‘Mf*
Lo €-251)

K)EXX — —(2
£39 = —«g
(Fxx £33 Lry”) {m 'y 432 > o

Fxx <o hHewce (-251) 15 a locl
W Xt uau i -

2 \



Mustansiriyah University/ College of Engineering Mathematics Lecture

Mechanical Engineering Dept. Dr. Hayder Mohammad 2~class

EXQ\N\.P/C g+ Frwd €the /Occof exXfrew 6{

~x %<4 %)
ﬁCXaj) S
501@(&}\\\4\.‘_
= =Ck5egt)
gx = =R XE = o O
_sz_e:ﬂ)

% L. "‘sz = = @
Tké’fe 'S Ou\ﬂé owe S(‘()(bukquj PO(\QI CIJ(‘

CXpy) =(os0)

- __C/(a‘tyz
ﬁXX: —2¢ )(/"’ZXZ) = =2
~(x%9?)
r d
Fyy==2€ (=245 ===
X %9?)

ﬁ)(j:#ij@ = 9

Faxfyg=Fx3)f =4 >=ad

(e7°)
FXX L lhence (o2°) IS A WaaXfuag

2¢



